A polyphasic approach was used to characterize a novel bacterium, designated strain TPP412
A commercial DNA extraction kit (MO BIO UltraClean) was used to extract the genomic DNA for 16S rRNA gene amplification and determination of the DNA G+C content. The 16S rRNA gene was amplified using bacterial universal primers pA (5¢-AGAGTTTGATCATGGC TCAG-3¢) and pH* (5¢-AAGGAGGTGATCCAACCGCA-3¢); primers pC (5¢-CTACGGGAGGCAGCAGTGGG-3¢), pE (5¢-AAACTCAAAGGAATTGACGG-3¢) and pD* (5¢-GTATTACCGCGGCTGCTG-3¢) [34] were used for sequencing reactions. Gene cycle sequencing was performed by using the Bigdye terminator kit [35] and ABI 3730 Genetic Analyzer (Applied Biosystems). DNA fragments coding for the 16S rRNA gene were assembled using the Vector NTI 9.0 software (IBI) and deposited under GenBank using the sequin software tool (accession number KR296798). The almost-complete 16S rRNA gene sequence (1496nt) of strain TPP412
T was compared with all type strains using the Nucleotide Similarity Search program (EzBioCloud, http://www.ezbiocloud.net/; [36] ). The nifH gene was amplified by PCR using the primer set PolF and PolR described by Poly et al. [37] , but no PCR amplicon was detected in strain TPP412
T . Phylogenetic analysis was performed with MEGA 6 software (Molecular Evolutionary Genetics Analysis, version 6.0; [38] ). Closely related 16S rRNA gene sequences were retrieved from the EzTaxon-e and GenBank databases and aligned by using the CLUSTAL X (1.83) program [39] . Phylogenetic trees were reconstructed by using 16S rRNA gene sequences with the neighbour-joining [40] , maximum-likelihood [41] and maximum-parsimony [42] methods and evaluated by bootstrap analyses [43] after 1000 replications.
Phylogenetic analysis of the novel strain and all other validly established members of the family Rhodocyclaceae is shown in Fig. 1 . The phylogentic trees yielded four distinct rRNA subclusters that have been named as rRNA groups I, II, III and IV. rRNA group I accommodated both the type species of the family Rhodocyclaceae (Rhodocyclus purpureus LMG 4311 T ) as well as strain TPP412 T , besides accommodating other closely related representatives of the eight established genera. In particular, strain TPP412
T was found to share highest 16S rRNA gene sequence similarity with Rhodocyclus (94.5-94.1 %), followed by Azospira (94.5-93.9 %), Propionivibrio (94.4-93.4 %), Dechloromonas (94.0-93.7 %), Azonexus (93.9-92.2 %), Ferribacterium (93.3 %), Azovibrio (92.7 %) and Quatrionicoccus (92.3 %). These similarity values were well below the threshold (95 %) that has been prescribed to distinguish strains at the genus level [44, 45] . During the phylogenetic analyses, strain TPP412
T was clearly found to form a distinct taxonomic lineage tightly associated with other representatives of rRNA group I. The low 16S rRNA gene sequence similarity values and the discrete phylogenetic clustering clearly distinguished strain TPP412
T from other representatives of the family Rhodocyclaceae.
Colony morphology of strain TPP412
T was investigated using colonies/cells grown on Van Niel's yeast agar. The Gram staining reaction was performed as described by Murray et al. [46] . Cell morphology and the presence of flagella were observed by transmission electron microscopy (JEM-1400; JEOL) after staining with 0.2 % uranyl acetate and also by light microscopy (Zeiss, model A3000). Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine reagent (bio-M erieux). Anaerobic growth was assessed by using Van Niel's yeast agar supplemented with potassium nitrate (0.1 %, w/v) using an anaerobic chamber (COY) filled with H 2 /CO 2 /N 2 (5 : 19 : 76) gas. Flexirubin-type pigments were investigated by using the bathochromatic shift test with a 20 % (w/v) KOH solution [47] . Growth of strain TPP412
T was tested on nutrient agar (NA; HiMedia), tryptic soy agar (TSA; Difco) and R2A agar (Oxoid). and 80 (1 %) and DNase (HiMedia) was determined as previously described [48, 49] . H 2 S production was checked on both 3 g Na 2 S 2 O 3 l À1 and 0.1 g cysteine l
À1
. Acetylene reduction analysis was used to assay nitrogen-fixing capability [50, 51] . Oxidation of carbohydrates was determined by using the Biolog GN2 MicroPlate after incubation for 48 h. Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin and assimilation of 12 substrates were tested with API 20 NE strips at 30 C for 2 days. The activities of various enzymes were determined by using the API ZYM system (bioM erieux). All experiments conducted using commercial kits were performed according to the manufacturers' instructions.
For the investigation of chemotaxonomic characteristics, strain TPP412
T was harvested at stationary growth phase on Van Niel's yeast agar. Polar lipids were extracted and analysed by two-dimensional TLC [52] , and total lipid profiles were stained with 10 % ethanolic molybdatophosphoric acid. Aminolipids were detected with a 0.2 % (w/v) solution of ninhydrin in butanol. Phospholipids were detected with Dittmer and Lester's Zinzadze reagent. Glycolipids were detected with a-naphthol spray reagent. Isoprenoid quinones were purified according to the methods of Minnikin et al. [52] and analysed by HPLC as described by Collins С. Grown culture was harvested from the plate and subjected to saponification, methylation and extraction [56] for four replications. Identification and comparison were made by using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0).
For analysis of DNA G+C content, DNA samples were prepared and degraded enzymically into nucleosides as described by Mesbah et al. [57] . The nucleoside mixture obtained was then separated via HPLC [Hitachi L-2130 chromatograph equipped with a Hitachi L-2200 autosampler, Hitachi L-2455 Diode array detector and a reversedphase C18 column (Phenomenex Synergi 4 µ Fusion-RP80 250Â4.60 mm)]. Polyamines were extracted as described by Scherer and Kneifel [58] , and then analysed by HPLC. The dansyl derivatives were separated by using a Hitachi L-2130 chromatograph equipped with a Hitachi L-2200 autosampler, Hitachi L-2485 fluorescence detector (excitation at 360 nm and emission at 520 nm) and a reversed-phase C18 column (Phenomenex Synergi Fusion-RP80, 250Â4.60 mm, 4 µm particle size).
Colonies of strain TPP412
T were translucent, pale yellow, circular, entire and 1-2 mm in diameter after incubation for 2 days on Van Niel's yeast agar. Cells were straight to curved rods with a single polar flagellum, as observed by transmission electron microscopy (Fig. S1 , available in the online Supplementary Material). The cell morphology of strain TPP412
T was distinct as compared to Rhodocyclus representatives, which were spirilloid [4] or ring-shaped or half-ring-shaped [2] ; cold fluorescent, model EF21D-G1) or under darkness for bacteriochlorophyll analysis. The extraction and analysis of bacteriochlorophyll were done according to Hameed et al. [59] . As shown in Fig. S2, strain TPP412 T lacked bacteriochlorophyll. The absorbance peak recorded at~400 nm is possibly affiliated to magnesium porphyrin compounds [59, 60] . The absence of bacteriochlorophyll distinguished strain TPP412 T in particular from the representatives of the genus Rhodocyclus, which are determined to be phototrophic and contain bacteriochlorophyll [2, 4, 5] .
The chemotaxonomic characteristics of strain TPP412
T and other members of rRNA group I (Fig. 1) of the family Rhodocyclaceae are shown in Table 1 . The DNA G+C content of strain TPP412
T was estimated to be 58.4 mol%, which is slightly lower than values for other closely related Rhodocyclaceae representatives. The predominant respiratory quinone was Q-8, which is also one of the characteristic features of Rhodocyclaceae members. The polar lipid profile of strain TPP412 T was distinct, consisting of phosphatidylmonomethylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and an unidentified lipid (Fig. 2) . The major fatty acids in strain TPP412
T were C 12 : 0 (6.6 %), C 12 : 0 3-OH (8.2 %), iso-C 15 : 0 3-OH (4.7 %), C 16 : 0 (21.8 %), C 16 : 1 !7c/C 16 : 1 !6c (40.5 %) and C 18 : 1 !7c/C 18 : 1 !6c (13.9 %). The polyamine pattern of strain TPP412
T showed a predominance of putrescine and a minor amount of spermidine.
Based on its distinct phylogenetic features and other data provided here, strain TPP412
T is considered to represent a novel species of a new genus belonging to the family Rhodocyclaceae of the order Rhodocyclales, for which the name Oryzomicrobium terrae gen. nov., sp. nov. is proposed.
DESCRIPTION OF ORYZOMICROBIUM GEN. NOV.
Oryzomicrobium (O.ry.zo.mi.cro¢bi.um. Gr. fem. n. oryza rice; N.L. neut. n. microbium a microbe; N.L. neut. n. Oryzomicrobium a microbe from rice).
Cells are Gram-stain-negative, facultatively anaerobic, mesophilic, rod-shaped and motile with a single polar falgellum. Catalase-and oxidase-positive. Bacteriochlorophyll is absent. The predominant fatty acids are C 12 : 0 , C 12 : 0 3-OH, iso-C 15 : 0 3-OH, C 16 : 0 , C 16 : 1 !6c/C 16 : 1 !7c and C 18 : 1 !6c/ C 18 : 1 !7c. The major polar lipids are phosphatidylmonomethylethanolamine, diphosphatidylglycerol and phosphatidylglycerol; an unidentified polar lipid is detected in minor amounts. Ubiquinone Q-8 is the predominant respiratory quinone. The major polyamine is putrescine, and spermidine is present in minor amounts. As determined by 16S rRNA gene sequence analysis, the genus Oryzomicrobium is affiliated to the family Rhodocyclaceae. The type species is Oryzomicrobium terrae.
DESCRIPTION OF ORYZOMICROBIUM TERRAE SP. NOV.
Oryzomicrobium terrae (ter¢rae. L. gen. n. terrae of the earth, reflecting the fact that the type strain was isolated from paddy soil). restrictus (n=1); 9, Quatrionicoccus australiensis (n=1). The number of species (n) of a corresponding genus is given in parentheses. Data in column 2 were obtained from Pfennig [2, 4] and Imhoff et al. [5] ; data in column 3 were obtained from Reinhold-Hurek and Hurek [8] and Bae et al. [11] ; data in column 4 were obtained from Achenbach et al. [12] , Horn et al. [13] and Wolterink et al. [14] ; data in column 5 were obtained from Reinhold-Hurek and Hurek [8] , Quan et al. [9] and Chou et al. [10] ; data in column 6 were obtained from Tanaka et al. [20] , Meijer et al. [21] and Brune et al. [22] ; data in column 7 were obtained from Cummings et al. [16] ; data in column 8 were obtained from Reinhold-Hurek and Hurek [8] ; data in column 9 were obtained from Maszenan et al. [23] . +, Positive; À, negative; V, variable (+/À); NA, data not available. PME, phosphatidylmonomethylethanolamine; PE, phosphatidylethanolamine; DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; L, unidentified lipid. Fatty acids given in bold type are the predominant components. supplemented with nitrate. Positive for the oxidation of pyruvic acid methyl ester, succinic acid monomethyl ester, cisaconitic acid, citric acid, b-hydroxybutyric acid, p-hydroxyphenylacetic acid, itaconic acid, a-ketoglutaric acid, DL-lactic acid, propionic acid, succinic acid, bromosuccinic acid, succinamic acid, L-asparagine, L-aspartic acid, L-glutamic acid and L-pyroglutamic acid. Positive for alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8) and leucine arylamidase activities. Cells can assimilate malic acid, trisodium citrate and phenylacetic acid.
The type strain, TPP412 T (=BCRC 80905 T =JCM 30814 T ), was isolated from paddy soil in Taiwan. The DNA G+C content of the type strain is 58.4 mol%.
Funding information
This research was kindly supported by grants from the Ministry of Science and Technology, the Council of Agriculture, Executive Yuan and in part by the Ministry of Education, Taiwan, ROC, under the ATU plan.
Conflicts of interest
The authors declare that there are no conflicts of interest. T . Total polar lipids were stained with 10 % ethanolic molybdatophosphoric acid. DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PME, phosphatidylmonomethylethanolamine; L, unknown lipid.
